ABSTRACT -Grazing livestock in integrated crop-livestock systems can cause impacts in the subsequent crop cycle. Aiming to investigate how grazing could affect soybean, the 9th crop cycle of a pasture/soybean rotation was assessed. Treatments were grazing intensities (10, 20, 30 and 40 cm of sward height) applied since 2001 in a mixed of oat and annual ryegrass; and an additional no grazing area as control. Treatments were arranged in a completely randomized block design with three replicates. Grazing affected soybean population and the mass of individual nodules (P<0.05), while the number and mass of nodules per plant were similar (P>0.05). Soybean yield showed differences among treatments, but no difference was found between grazed and non-grazed areas. Grazing intensities impact the coverage and frequency of weeds (P>0.05). In conclusion, grazing intensity impacts different parameters of soybean yield and development, but only the grazing intensity of 10 cm can jeopardize the succeeding soybean crop.
INTRODUCTION
The term integrated crop-livestock (ICL) is commonly used to describe the rotation of annual grain crops and grazed grass and/or legumes pastures. Pasture can function as ground cover and be used for animal feeding, allowing to a more use efficient of farmland area and, as a consequence, of natural resources. According to Russelle, Entz and Franzluebbers, (2007) , ICL have several advantages when compared to a traditional production system, enhancing both profitability and environmental sustainability of their farms and communities.
In order to reach long term sustainability in ICL systems, the maintenance of high system efficiency depends on the equilibrium between grain and livestock production, instead of aiming the maximization of each component, individually (LOPES et al., 2009) . It is worth noting the challenge of finding the adequate pasture management to ensure satisfactory animal performance and the maintenance, at the same time, of sufficient residue (straw) to meet subsequent grain production and requirements of no-tillage (NT).
Farmers reluctance to adopt ICL is based on the risk of soil compaction caused by livestock trampling during the pasture cycle, which could limit crop root growth and grain yield. Suitable stocking rate and grazing management during pasture cycle prevents damages, which is a key point for ICL efficiency (CARVALHO et al., 2010) . Besides, livestock tampling at sound stocking rates could be important to ICLS. Franzluebbers and Stuedmann (2008) emphasized the significance of animal traffic in the incorporation of plant residues into the soil. Comparing grazed to non grazed top soils, the author stated that the biological process of incorporation is the reason for increasing mineralization processes and soil microbial biomass in grazed areas. ICL can not only impact soil physical attributes, but also chemical (e.g. phosphorus) (COSTA et al., 2014) and biological (e.g. microbial biomass) (SOUZA et al., 2010) parameters that can enhance or jeopardize crop establishment, development and yield depending on grazing intensity.
Regarding soybean, yield depends on the ability of plants to accumulate a minimum amount of dry matter (200 g plant -1 in V2 phenological stage) as a consequence of their ability to maximize solar radiation interception. Dry matter accumulation is influenced by several factors, such as weather conditions, sowing date, genotype, soil fertility, plant population and row spacing (BOARD; MODALI, 2005) . Furthermore, biological nitrogen fixation (BNF) has a great influence on crop productivity. BNF in soybean, when efficient, can sustain yields of 4.5 Mg ha -1 without nitrogen fertilization (SALVAGIOTTI et al., 2008) . However, soybean development is rarely described in the perspective of an ICL system under NT. Indeed, there is almost no reference on soybean yield and development in response to cumulative controlled preceding pasture management.
In this context, this study aims to evaluate the effect of grazing intensities on soybean nodulation, grain yield and yield components, and the impact of grazing management in the occurrence of undesirable species during soybean growing season.
MATERIAL AND METHODS
The experiment was conducted at São Miguel das Missões county, Rio Grande do Sul (RS) State, Southern Brazil (28°56'14.00'' S, 54°20'45.61'' W, 417m). The climate is Cfa, subtropical humid, according to Köppen. The area presents gently rolling hills. The soil is classified as Rhodic Hapludox (SOIL SURVEY STAFF, 1999), deep, well drained with clayey texture (0.54, 0.17 and 0.29 kg kg -1 of clay, silt and sand, respectively, in the 0-20 cm soil layer). Table 1 presents soil chemical attributes.
The experimental area has being managed since 2001 in an integrated crop-livestock system under notillage (ICL-NT), where soybean grows in the summer in rotation with mixed oats (Avena strigosa Schreb.) and annual ryegrass (Lolium multiflorum Lam.) pastures in the winter. Treatments consisted of four sward management heights (10, 20, 30 and 40 cm) and a non grazed (NG) reference area. The experiment was carried out under a completely randomized block design with three replicates for grazed treatments, and two for the NG. The preceding 2009 winter pasture management is described in detail by Kunrath et al. (2014) , and key variables are shown in Table 2 . Data from 2001 to 2008 were similar and were reported by Carvalho et al. (2011 Soybean plant population, plant height and shoot dry matter accumulation (DM) were evaluated at 27, 49 and 62 days after sowing (DAS). These stages refer to V3 Grazing management in an integrated crop-livestock system: soybean development and grain yield , ten plants were randomly selected and height was measured. To determine shoot dry matter, all plants within the 0.675 m 2 were harvested and dried in a forced air circulation oven at 50 °C to constant weight. After drying, samples were weighed, grounded and analyzed for nitrogen (N) content (TEDESCO et al., 1995) . The model proposed by Lemaire, Jeuffroy and Gastal (2008) for C3 species (%N = 4, 8(DM) -0,33 ) was used to determine the critical N dilution curve aiming to evaluate crop N level. Simultaneously to the evaluation of initial plant population, visual estimation of weeds coverage was made using a one meter diameter circle (3.14 m 2 ). Weeds were identified and frequency ratio of each species was calculated.
At R2 stage, plant root system (0-20 cm) was sampled and the following variables were evaluated: root dry mass, number of nodules per plant, individual nodule dry mass and nodule dry mass per plant. For these determinations, soil monoliths of 0.2 x 0.2 x 0.2 m were taken in each sampling row. The roots were washed and nodules were manually detached and counted. After that, roots and nodules were dried until constant weight.
Soybean grain yield and final plant population were evaluated on 04/13/2010, at R8 stage (full maturity) when all plants within a 1.5 linear meter were counted and then harvested in six points per plot. Then, the number of legumes per plant and 1000-grain weight were determined. The number of grains per legume was estimated by dividing the total number of grains by the total number of legumes per plant. Pods were manually thrashed and the seeds were weighed and their moisture content was measured. Grain yield and 1000-grain weight were adjusted to a 0.13 kg kg -1 moisture content. The weight of 1000 grains was estimated by weighing three samples of 100 grains and the average was used to extrapolate the value to 1000 grains.
Data was analyzed using regression and correlation analysis at =0.05 level. Response variables were regressed on the actual sward heights measured. When analyzing the soybean growing period, the number of DAS was considered for each sampling period. Further analysis of contrasts between grazed and no grazing area (NG x 10, 20, 30 and 40 cm) were performed by using SAS software (SAS INSTITUTE, 1997). Analyses were run firstly with the block factor in the model, and when not significant, regressions were used without the block factor. When the response function was significant (P<0.05), the regression equation of higher coefficient of determination (R 2 ) associated with the biological significance of the result was used. The models were compared using confidence intervals. Data for number of nodules per plant were transformed using the formula y = 1 + x. The software INFOSTAT (DI RIENZO et al., 2010) was used to run the multivariate analysis (principal component analysis and cluster analysis) for coverage and frequency of weeds and grain yield components. For the analysis of frequency only the five most frequent species were analyzed.
RESULTS AND DISCUSSION
Soybean initial plant population differed between treatments (P=0.0056, Table 3 ). Treatment means ranged from 37.5 up to 44.8 plants m -2 for sward heights of 10 and 30 cm, respectively. Differences in initial plant population reflect the effect of previous winter pasture management in soybean seedling establishment. Soil compaction in the highest grazing intensity was previously reported by Souza et al. (2008) . In association with the consequently less residue cover (Table 2 ) it affected seedling establishment and decreased initial plant population. Anyway, according to Thomas, Costa and Pires (2010) , plant density in this study can be considered high for modern soybean cultivars. Figure 2 reinforces the differences occurred in soybean biomass accumulation, and presents the N content in the accumulated soybean biomass as a function of pasture management. Approximately 30 days after sowing, the N levels were deficient for all treatments, including NG. Such result is due to the N fixation peak being reached only in R2 (LAWN; BRUN, 1974) , despite nodulation starting in V2 (emergence of the second trifoliate). Furthermore, the dilution model efficiency only occurs for biomass accumulation above 1 Mg ha -1 . From the second assessment on, N levels were higher than those required by soybean crop.
Nodule biomass did not differ between grazed and NG areas (P=0.0993), but differences were detected in areas managed at 10 cm (P=0.0015). Grazing led to higher nodule mass as compared to NG areas; averages being 2.3 and 4.0 mg nodule -1 for 10 cm and NG, respectively. No difference between grazing treatments was observed as demonstrated by regression analysis (Table 3 ). The number of nodules per plant presented an inverse correlation to nodule mass (P=0.0008, r=-0.83) and nodule mass per plant (P=0.0046, r=-0.75). Number of nodules per plant in the present study was similar to those found by Scholles and Vargas (2004) and Teixeira et al. (2006) , which carried out experiments under greenhouse conditions. The correlation between number and nodules mass per plant indicates a balance between these variables, which tend to maintain the same total nodule mass per plant (FERGUSON et al., 2010) .
Regression analysis for nodule mass was significant (P>0.0004, Table 3 ), while number of nodules per plant increased with increasing sward height (P=0.0362, Table 3 ). Despite the lower nodule mass, soybean plants did not present N deficiency symptoms since most observations were close to the N critical values in the dilution curve (Figure 2 ). Grazing did not affect N levels (P = 0.5142). However, grazing management affected N content, fitting in a quadratic regression model (P = 0.0226, Table 3 ). Averages ranged between 35.1 g kg -1 for the 10 cm up to 41.0 g kg -1 for the 30 cm reflecting, thus, differences in shoot biomass (dilution effect).
In the tallest sward height and in the NG, carbon and nitrogen stocks may have inhibited nodulation. Both total and labile C and stocks are higher for the 20, 30 and 40 cm as compared to NG areas and 10 cm (SOUZA et al., 2009 ). According to Ferguson et al. (2010) , nodulation is inhibited under high soil organic carbon and mineral nitrogen conditions. Number, mass and size of nodules are indicators of nodulation efficiency (FERREIRA; CASTRO, 1995) and its functionality (MOREIRA; SIQUEIRA, 2002). Moreover, small nodules are usually from soil native bacteria and, therefore, less efficient for nitrogen fixation when compared to selected strains.
No differences for soybean grain yields were observed when contrasting grazed and NG areas (P=0.8758). Average values were 3,407 and 3,442 kg ha -1 for grazed and no grazed areas, respectively. Comparing grazed areas, grain yields fitted to a linear regression model (Table 3, Figure 3 ), indicating yields increase 13.7 kg ha -1 per each centimeter sward height. Grain yields of 3,266, 3,302, 3,494, 3,567 and 3,442 kg ha -1 for the treatments 10, 20, 30, 40 cm and NG, respectively, are similar to those found by Flores et al. (2007) , despite the lack of differences between treatments.
Plant final population, as well as grain mass per plant (Table 3) , differed among sward heights fitting a quadratic regression model. Plant population correlated to grain mass per plant (P = 0.0456, r = -0.59), number of pods per area (P = 0.0005, r = -0.85) and grain number per plant (P = 0.0017, r = -0.80).
None of the yield components evaluated were affected by pasture sward heights (Table 3) . Number of pods . These values are lower than those reported by Lunardi et al. (2008) . No differences were observed for 1000-grain weight between sward heights, with values of 133.7 and 133.4 g for NG and grazed areas, respectively.
The high correlation between final plant population and grain yield, number of legumes per area and legume number and mass results from the increase in individual yields per plant as the number of plant decreases, maintaining grain yield per area. This soybean characteristic, known as phenotypic plasticity, has been reported by other authors (PIRES et al., 2000; RAMBO et al., 2003) . However, this Grazing management in an integrated crop-livestock system: soybean development and grain yield compensation was not enough to reverse negative effects for the 10 cm treatment. Despite treatments 20 and 30 cm resulted in lower grain yield per plant, total productivity was recovered by higher final plant population. The yield per area is defined by the productivity per plant and number of plants per area, which also defines the number of grains per area.
Grain yield main component analysis showed that 68% of the total variability is explained by the sum of the axes one and two (PC), 89% becoming explained when a third axis is added. No differences between 10 cm and other treatments were observed in Figure 4 , since this treatment locates in the right side of the vertical axis, whilst others are grouped to the left. The 40 cm treatment was related to productivity, 1000-grain weight and number of nodules per plant. Ten centimeter sward height was related to nodule mass. As presented in Figure 4b , the treatments 40 and 20 cm appear near the PC3 axis being closely related to 1000-grain weight and grain yield. These results indicate that 40 cm pasture management resulted in higher nodule number, grain weight and, as a consequence, higher productivity. In the other hand, 10 cm treatments resulted in higher nodule mass. Non grazed areas and 20 cm resulted in higher root biomass.
According to the multivariate analysis, pasture heights and weed coverage were divided in two groups (cophenetic correlation = 0.972, distance = 1.64). Cluster analysis (Figure 5a ) presented 10 cm treatment isolated in the first group with remaining treatments located in the second group (20, 30 and 40 cm and NG), indicating differences in weed coverage. In Figure 5b , treatments were Figure 6 -Principal components analysis of the five most common species for different pasture sward heights (10, 20, 30 and 40 cm) and no grazing divided into two groups (distance = 6.44), depending on the frequency of undesirable species in soybean crop (cophenetic correlation = 0.712). Treatments 40 cm, 30 cm and NG were in the first group, while the remaining treatments were in the second one, indicating that each group has different weed coverage.
According to component analysis (Figure 6 ) of the five main weed species, oats and ryegrass were mostly associated with NG, 40 and 30 cm treatments. Managing pastures at 10 cm resulted in higher frequency of horseweed (Coniza bonariensis (L.) Cronq.), birdsfoot trefoil (Lotus corniculatus) and the string-of-viola (Ipomea nil), which was also associated to 20 cm sward management. PC1 and PC2 axes explained approximately 79% of data variability.
The lower occurrence of weeds during soybean development in areas with taller pasture height (40 cm) and NG areas, as a consequence of the higher remaining plant residue (Table 2) , prevented radiation to reach soil seed bank, thus reducing soil temperature variation and inhibiting seed germination.
CONCLUSIONS
1. In general, grazing did not affect soybean grain yield. However, managing pastures at 10 cm lead to lower grain yields;
2. The number of grains per area decreased when pasture was managed at 10 cm, due to the reduction in the number of plants per area; 3. Nodulation patterns was amended by sward height;
4. Soybean nitrogen content was affected by grazing, although reaching levels not limiting for plant development;
5. Frequency and diversity of weeds differed between areas managed at 10 cm height and at 20 cm or higher.
